Evidence is presented supporting a model for glucosylceramide formation on the apoplastic side
Figure I
Expression of AtLCBK I in E coli yields
LCB kinase activity
Total proteins of a lysate prepared from E. coli transformed with a control plasrnid (pQE-32, lane I), or with a plasrnid expressing a His,-tagged version of AtLCBK I (lanes 2 and 3). Gene expression was induced by addition of I rnM IPTG (lane 3).
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Results and discussion
The open reading frame of a full-length cDNA (AtLCBKl) encodes a 763-amino acid protein (with a predicted molecular mass of 83 590 Da) with 27 yo identity and 50 yo similarity to murine S P H K l a at the amino acid level. A comparison of sequences from A . thaliana, mouse, yeast, human and Caenorhabditis elegans reveals the location of several regions of highly conserved amino acids. These regions are not similar to those of other known kinase families. Positively charged motifs, G G K G K in mammals and S G H G R in Arabidopsis, were found, which may be part of the ATPbinding site.
E. coli cells were transformed with an expression vector containing AtLCBKl to determine whether it is responsible for synthesis of LCB phosphates. A significant level of a radiolabelled compound that migrates like sphinganine 1 -phospate was determined (Figure 1, lane 3) . These results suggest the existence of LCB kinase in plants. T h e availability of plant LCB kinase cDNA will make it possible to better characterize the physiological function of LCB and LCB phosphates in plant cells.
Introduction
Glucosylceramide (GlcCer) is present on the apoplastic side of the plasma membrane of plant cells [l] . Consistent with studies of enzyme topology in liver [2] , available evidence suggests that the enzymes catalysing the early steps of sphingolipid synthesis, serine palmitoyltransferase and sphinganine acyltransferase, are located on the cytosolic side of the endoplasmic reticulum in plants (S. M. Murphy and D. V. Lynch, unpub- lished work). So, presumably, there must exist a mechanism for establishing the topology of GlcCer in the plasma membrane that facilitates the transbilayer movement of ceramide or GlcCer from the cytosolic to the apoplastic side of the membrane compartment involved in biogenesis. GlcCer formation in bean microsomes has been previously demonstrated to involve a novel mechanism in which sterylglucoside (SG) serves as the immediate glucose donor [3] . Here, we report evidence supporting a model for the topology of GlcCer formation in which sterol glucosylation occurs on the cytosolic side of the membrane whereas GlcCer formation occurs on the apoplastic side of the membrane via glucose transfer from SG following translocation.
Experimental
Preparation of microsomal membranes from etiolated bean hypocotyls and assays of GlcCer formation using either UDP-['4C]glucose or steryl-['4C]glucoside were described previously [3] . Marker enzymes for the endoplasmic reticulum, Golgi and plasma membrane [4] were used to characterize subcellular fractions obtained using discontinuous sucrose gradients. T h e topology of GlcCer formation was determined by examining the susceptibility of enzymes to inactivation by trypsin or chymotrypsin [5, 6] . Inhibitors of trypsin and chymotrypsin were used to block proteolytic activity.
Results and discussion
T h e compartmentation of GlcCer formation was determined. Membrane fractions obtained by discontinuous sucrose density-gradient centrifugation were characterized using marker enzymes and assayed for GlcCer synthase, sterol glucosyltransferase and SG acyltransferase activities.
T h e distribution of GlcCer synthase and sterol glucosyltransferase activities (but not SG acyltransferase activity) among the different fractions were very similar, and most closely coincided with glucan synthase I I activity, the marker enzyme used to identify the plasma membrane. However, the possibility that the two enzymes are associated with another compartment (e.g. distal Golgi or intermediate vesicles between the Golgi and the plasma membrane) in addition to the plasma membrane cannot be ruled out. These results are consistent with previous reports localizing sterol glucosyltransferase primarily to the plasma membrane [7, 8] , and are the first to localize GlcCer synthase to the plasma membrane in plant cells.
T o determine the topology of GlcCer synthesis, the effects of various proteolytic treatments on lipid glucosylation steps were examined. In some experiments, we manipulated the timing of proteolytic treatment, taking advantage of the unusual kinetics of GlcCer formation [3] . In one set of experiments, chymotrypsin was added 25 min after addition of UDP-['4C]glucose to initiate the lipid glucosylation reaction [sufficient time to allow the formation of labelled S G but not GlcCer or acylated sterylglucoside (ASG)], and chymotrypsin inhibitor was added 15 min later.
After 120 min following the start of the assay, the formation of SG and ASG in chymotrypsintreated membranes was decreased by 62 and 66 yo, respectively, compared with controls omitting chymotrypsin. However, chymotrypsin treatment did not alter GlcCer formation compared with controls. Similar results were observed when the reactions were terminated at different times, and when trypsin was used in place of chymotrypsin.
In other experiments, UDP-['4C]glucose was replaced with steryl-['4C]glucoside in the assays and the effects of proteolytic treatment on GlcCer and ASG formation were assessed. Treatment of membranes with either trypsin or chymotrypsin for the entire 180-min duration of the assay did not alter the formation of GlcCer, whereas ASG synthesis was decreased by 32-53 yo.
Attempts to use detergents to permeabilize the membranes and facilitate proteolytic attack of GlcCer synthase were not very informative, since concentrations of Triton X-100 (as well as other detergents tested) sufficient to disrupt membrane structure partially inhibited GlcCer synthase activity. Nevertheless, the trends we observed in these experiments suggest that GlcCer synthase is sensitive to proteolytic enzymes.
T h e results to date are consistent with our model of GlcCer formation in plants (Figure l) , in which ceramide glucosylation occurs on the luminal side of the vesicle membrane, the topo- T h e mechanism of GlcCer formation proposed here differs from that in liver [5, 6] , where ceramide is glucosylated on the cytosolic side of the Golgi using UDP-glucose as a donor and is subsequently translocated to the apoplastic side.
